During our studies of anaerobic bacteria isolated from human clinical infections and normal floras, we isolated a number of strains of nonpigmenting, saccharolytic bacteroides resembling Bacteroides ruminicola. Many of these strains had the characteristics Bryant et al. (1) described for B. ruminicola subsp. brevis biovar (biotype) 3. The description of B. ruminicola subsp. brevis biovar 3 in the Virginia Polytechnic Institute Anaerobe Laboratory Manual, 4th ed. (6) , was based on results we had obtained from characterization of 50 of these strains, mostly from clinical infections (jaw, chin, and neck wounds [10 Strain VPI 7649, isolated from a human wound, was deposited in the American Type Culture Collection, Rockville, Md. (ATCC 27518), to represent this group of strains isolated from humans. We have subsequently isolated more than 100 similar strains from human mouths, mostly from the gingival sulci of sites with periodontitis. Deoxyribonucleic acid (DNA) homology studies were initiated to determine the genetic relatedness of the isolates from human infections to B . ruminicola, to other similar normal flora isolates, and to one another. Strains from normal floras included M. P. Bryant's rumen isolates and strains from normal human flora (sputum, bowel, nasopharynx) and the intestinal tracts of chickens. We had previously reported that the human strains are not related to B. ruminicola, as determined by DNA homology studies (P. Churn and J. L. Johnson In this paper, we report the results of DNA homology studies and the phenotypic characteristics of these two homology groups, and we propose two new species, B. oris and B. buccae.
MATERIALS AND METHODS
Strains. The strains used in the DNA homology studies and their sources are listed in Table 1 . For the homology studies, we selected strains from different sources to obtain information concerning the diversity of natural habitats of these species.
Experimental methods. The prereduced media and the methods used to determine the phenotypic reactions of the strains have been described previously (6) . Susceptibilities to chloramphenicol (12 pg/ml), clindamycin (1.6 bg/ml), erythromycin ( 3 kg/ml), penicillin G (2 U/ml), and tetracycline (6 pg/ml) were determined by the broth-disk method of Wilkins and Thiel (14). Polyacrylamide gel electrophoresis (PAGE) patterns of soluble cellular proteins were determined as described by Moore et al. (13) .
DNA isolation. The organisms were grown in a medium prepared as described previously ( 3 ) and containing mineral salts, 1% Pepticase, 0.5% yeast extract, 1% dehydrated brain heart infusion broth (Difco Laboratories, Detroit, Mich.), 1% glucose, 0.03% cysteine, 0.03% sodium formaldehyde sulfoxalate, 0.01% heme, and 0.05 M potassium phosphate buffer (pH 7.0). At the time of inoculation, 10 ml of 10% sterile NaHCO, was added to each liter of medium. Flasks containing 1.0 or 2.5 liters of medium were inoculated with 10 to 20 ml of an overnight culture grown in chopped meat-carbohydrate medium (6) and incubated for 18 to 24 h at 37°C. The harvested cells were suspended in a 0.15 M NaCI-0.01 M ethylenediaminetetraacetic acid salt solution (pH 8.0). We lysed the cells by adding sodium dodecyl sulfate to a final concentration of 1%. After a preliminary extraction with chromatography-grade phenol, high-molecular-weight DNA (for in vitro labeling) was isolated by the method of Marmur (11) . Other DNA preparations were isolated by a hydroxyapatite procedure (8).
G + C content of the DNA. Thermal melting points were used to determine the guanine-plus-cytosine (G+C) contents of the DNA preparations (9, 12) .
Preparation of labeled DNA. The high-rnolecularweight DNA (diluted to 200 pg/ml) was nicked by being incubated for 1 min with 0.1 pg of electrophoretically purified deoxyribonuclease (Sigma Chemical Co., St. Louis, Mo.). The deoxyribonuclease was then inactivated by being heated at 65°C for 10 min. The nicked DNA (10 pg/ml) was labeled with ['Hlthymidine 5'-triphosphate by a nick translation method (8).
The specific activity of the labeled DNA preparations was about 100,000 cpm/pg.
DNA homology experiments. Homology experiments were done by using a variation of the S1 nuclease procedure described by Crosa et al. and by Johnson (2, 8) . The reassociation mixtures contained 10 pl (ca. 0.025 pg) of labeled DNA, 50 p1 (30 pg) of unlabeled DNA, and 50 pl of 0.88 M NaCl-lo-' M N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) buffer (pH 7.0). Just before each experiment, the labeled DNA needed for the experiment was denatured by being heated in a boiling water bath for 5 min. The reaction vials were incubated for 16 h at 61°C for labeled DNA from reference strain D1A-1A and 63°C for labeled DNA from reference strain D3A-6.
Unlabeled DNA was either denatured and fragmented homologous or heterologous bacterial DNA or native fragmented salmon sperm DNA. Reaction vials containing native salmon sperm DNA were used to measure the amount of self-renaturation of labeled DNA during the incubation period.
RESULTS AND DISCUSSION
The G+C content and DNA homology results for the strains tested and for the type strains of some other Bacteroides species are presented in Tables 1 and 2 . Variable phenotypic characteristics of the strains are presented in Table 3 , and PAGE patterns are shown in Fig. 1 .
Strains in these homology groups have been confused with B. oralis by many researchers because growth was inhibited by 10% bile. Historically, B. oralis was thought to be the most commonly encountered species (in humans) of saccharolytic nonpigmenting bacteroides that did not grow well in bile. Strains selected for study differed from B . oralis by their fermentation of pentoses, which B. oralis strains do not ferment (10) . Although characteristics of these human strains most closely resembled the characteristics described earlier for B. rurninicolu (l), the strains are distinct from B. rurninicolu, as determined by DNA homology studies ( Table  2) .
Strains of homology groups D1A-1A and D3A-6 are obligately anaerobic, nonmotile, nonspore-forming, gram-negative rods that produce succinate and acetate from fermentation of glucose and therefore are members of the genus Bacteroides (7). Because these groups are distinct from phenotypically similar species of Bacteroides, as determined by DNA homology results, we consider them distinct species for which we propose the names B . oris and B .
buccae. Descriptions of the two proposed species are as follows.
Bacteruides uris (or' is. L. gen. n. oris of the mouth [referring to a major natural habitat of the species]). B . oris cells are obligately anaerobic, non-spore-forming, nonmotile, gram-negative rods. In peptone-yeast extract-glucose (PYG) broth cultures, cells were 0.5 to 0.8 by 0.8 to 2.6 pm and were arranged in pairs and short chains (Fig. 2) . In supplemented brain heart infusion agar roll tubes (9, subsurface colonies were 1 to 2 mm in diameter, lenticular, and translucent. On anaerobically incubated streak tubes or blood agar plates, surface colonies were 0.5 to 1 .O mm in diameter, circular with an entire edge, low convex, translucent to semiopaque, white to buff, shiny, and smooth. There was no action on rabbit blood or egg yolk agar (6). Cultures did not grow on the surface of blood agar plates incubated in air enriched with carbon dioxide to 10%. After incubation at 37°C for 24 h in prereduced broth media, cultures were uniformly turbid with a smooth sediment. After incubation for 3 to 5 days, the pH in media containing a fermentable carbohydrate generally ranged as follows: 4.5 to 4.9 in carbohydrates fermented by all strains and 5.0 to 5.6 in media with sugars that were not fermented by all strains (Table 3) .
All strains fermented dextrin, fructose, glucose, lactose, maltose, mannose, rafinose, starch, and sucrose; all hydrolyzed esculin and starch; all produced an acid curd in milk. None of the strains fermented erythritol, inositol, mannitol, melezitose, sorbitol, or trehalose; none digested milk or meat; none reduced nitrate; none produced indole or catalase. Most strains did not grow in PYG broth containing 10% bile; when growth in bile did occur, it was markedly inhibited and delayed. Heme was highly stimulatory for growth of the type strain and was required for growth of some strains.
Acids produced in PYG broth cultures (in meq/100 ml of culture) were acetic (1 to 2) and succinic (7 to 8). Very small amounts of isobutyric and isovaleric acids were detected in some cultures. No hydrogen was detected in the headspace gas from PYG broth cultures. The type strain and 50% of the other strains were susceptible to all five antibiotics tested (chloramphenicol, clindamycin, erythromycin, penicillin G, and tetracycline). Fifty percent of the strains were resistant to 2 U of penicillin G per ml, and 20% of the strains were resistant to 6 k g of tetracycline per ml.
The G+C content of the DNA of the type strain was 42 mol% and ranged from 42 to 46 mol% among the strains tested.
The type strain is ATCC 33573 (= VPI D1A-lA), isolated from the gingival sulcus of a person with moderate periodontitis.
Strains of this species have been isolated from human periodontal flora, from systemic human infections, and from the large intestines of chickens. In addition to the sources given in Table 1 , human isolates (identified by PAGE patterns) have been obtained from face, neck, and chest abscesses and drainages; abdominal wound drainages and peritoneal fluid; blood; and spinal fluid. Strain VPI 7649 (= ATCC 27518, originally deposited as a representative of B . ruminicola subsp. brevis biovar 3) is a strain of B . oris. Bacteroides buccae (buc' cae. L. gen. n. buccue of the mouth [referring to a major natural habitat of the species]). B . buccae cells are obligately anaerobic, non-spore-forming, nonmotile, gram-negative rods. In PYG broth cultures, cells were 0.3 to 0.6 by 0.8 to 3.5 km and occurred singly, in pairs, or occasionally in short chains (Fig. 3) . In supplemented brain heart infusion agar roll tubes (3, subsurface colonies were 1 to 2 mm in diameter, lenticular, and translucent. On anaerobically incubated streak tubes or blood agar plates, surface colonies were 0.5 to 1.0 mm in diameter, circular with an entire edge, low convex, translucent to semiopaque, gray to white or buff, shiny, and smooth. These was no action on egg yolk agar (6) or on rabbit blood (anaerobically incubated blood agar plates). Cultures did not grow on the surface of blood agar plates incubated in air enriched with Fermentation of arabinose often varied within four strains of B . buccae tested at different times. These four strains were counted as "acid" because fermentation was observed at some time in each.
One strain was not tested. carbon dioxide to 10%.
After incubation for 24 h in prereduced broth media, cultures were uniformly turbid with a smooth sediment. After incubation for 3 to 5 days, the pH in media containing a fermentable carbohydrate generally ranged as follows: 4.5 to 5.0 in media with carbohydrates fermented by all strains and 5.1 to 5.6 in most media with sugars that were not fermented by all strains (Table 3) .
All strains fermented cellobiose, dextrin, fructose, glucose, glycogen, lactose, maltose, mannose, raffinose, salicin, starch, and sucrose; all hydrolyzed esculin and starch; all produced an acid curd in milk. None of the strains fermented erythritol, inositol, mannitol, melezitose, or trehalose; none digested milk or meat; none reduced nitrate; none produced indole or catalase. Most strains did not grow in PYG broth containing 10% bile; when growth in bile did occur, it was markedly inhibited and delayed. Heme was required for growth of the type strain.
Acids produced in PYG broth cultures (in meq/l00 ml) were acetic (1 to 2) and succinic (4 to 8). Formic acid was detected in cultures of some strains. Very small amounts of isobutyric and isovaleric acids were detected in a very few cultures. No hydrogen was detected in the headspace gas from PYG broth cultures.
The type strain and the other strains were susceptible to the test levels of chloramphenicol, clindamycin, erythromycin, penicillin G, and tetracycline; one strain, however, was resistant to 2 U of penicillin G per ml, and another strain was resistant to 6 pg of tetracycline per ml.
The G+C content of the DNA of the type strain was 50 mol%, and the DNA of each of two other strains had a G+C content of 52 mol%.
The type strain, ATCC 33574 (= VPI D3A-6), was isolated from the gingival sulcus of a person with moderate periodontitis.
Strains of this species have been isolated from periodontal flora and other human clinical specimens. In addition to the sources given in Table  1 , strains identified by PAGE patterns have been isolated from chest drainages, blood, sinus aspirate (sinusitis), peritonea1 fluid, and a specimen labeled "mandibular cyst." Fermentation of either arabinose or xylose, or both, separated B. oris and B. buccae from B. oralis and strains of B. rnelaninogenicus that produce buff rather than black colonies. B. oris and B . buccae were more difficult to separate from B. ruminicola and from each other. In general, strains of B. oris and B. buccae grew much more rapidly and to a higher turbidity than do most strains of B . rurninicola. Also, none of the phenotypically similar rumen strains that we have examined shows significant homology with B . oris or B . buccae (data not shown).
